Health Effects Assessment for ETS

Chapter 6. Respiratory Health Effects

July, 2005

A summary of the conclusions regarding the evidence of a causal association between ETS
exposure and respiratory health from the 1997 OEHHA report and this update are provided

below in Table 6.00.

Table 6.00 ETS and Respiratory Disease: Comparison of OEHHA (1997) and Update

Outcome # Studies | #Additional | Finding OEHHA 1997 | Findings Update

1997 Studies in | Evidence of Evidence of
Update causal association? causal association?

Lung development 8 7 Suggestive Suggestive

(children) (1 meta)” (strengthened)

Asthma (children) 8 14 Conclusive Conclusive

exacerbation

Respiratory illness P 9 Conclusive Conclusive

(children) (2 meta)

Otitis media 22 7 Conclusive Conclusive

+ effusion

Respiratory symptoms and 6 4 Conclusive Conclusive

other effects (children)

Asthma (children) 37 37 Conclusive Conclusive

induction (1 meta)

Asthma (adults®) 4 7 Suggestive Conclusive

exacerbation

Sensory irritation and 18 14 Conclusive Conclusive

annoyance

Respiratory symptoms and 20 6 Suggestive Suggestive

other effects (adults) (strengthened)

Asthma (adults®) induction 2 15 Suggestive Conclusive

ameta = # meta-analyses - not included in counts of studies. A de novo review was not done in 1997 as this topic had been
treated recently in reviews of nearly two dozen reports by the NRC, U.S. EPA and Surgeon General. ¢ Some studies include

adolescents as adults.

6.0. Introduction

The Children’s Health Protection Act requires OEHHA to specifically evaluate adverse effects of

candidate Toxic Air Contaminants on infants and children. ETS exposure has been shown to
induce as well as exacerbate asthma in children, result in decreased lung function, and cause
respiratory symptoms and illness (including otitis media) in children. There is evidence that

postnatal ETS exposure impairs lung development, although the effect appears not to be as great

as that from prenatal maternal smoking. ETS exposure also induces and exacerbates asthma in
adults, and results in increased respiratory symptoms in adults.

The effects of ETS exposure on non-malignant endpoints of respiratory tract health were
examined in the 1997 OEHHA report (Cal EPA, 1997). The conclusions of that report are
examined here in light of more recent research on the induction and exacerbation of asthma,
otitis media and middle ear effusion in children, lung development and respiratory infections in

children, respiratory symptoms and changes in lung function in adults, and sensory irritation and
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annoyance. The research examined includes both epidemiological and controlled exposure
studies with the former representing geographically diverse populations. The more recent
studies substantiate the association noted in the previous report between ETS exposure and
deleterious respiratory health outcomes.

6.1. Lung Growth and Development (children)
6.1.1. New Epidemiological Findings

The effects of passive smoke exposure on the development of the pulmonary system were
investigated in seven studies (Table 6.10). In six studies, spirometric measures showed
decrements in lung function with ETS exposure consistent with the meta-analysis by Cook et al.
(1998) of studies of forced expiratory volume (FEV). Mannino et al. (2001), Bono et al. (1998)
and Rizzi et al. (2004) associated these decrements with high cotinine levels. Elevated neonatal
serum cotinine and increased persistent pulmonary hypertension of the newborn were associated
with maternal ETS exposure in the study by Bearer et al. (1997). As reported in Chapter 4, the
study by Elliot et al. (1998) found passive smoke exposure to be significantly associated with
structural changes in the large airways of SIDS victims. Finally, one study evaluated lung
function and symptoms in adults who were exposed as children (Svanes et al., 2004).
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Table 6.10 ETS Effects on Lung Development

Reference Study Exposure Outcome and Comments
Country Description To ETS OR (95% CI)
Meta-analysis
Cook Meta-analysis of 21 Postnatal FEV, Small but statistically
et al 1998 studies of lung -1.4% (-1.0--1.9) significant decreases in lung
UK function in school- Mid exp flow function from maternal ETS.
age kids -5.0% (-3.3--6.6) Adj for confounders but can’t
End exp flow distinguish pre- and postnatal
-4.3% (-3.1--5.5) effects.
Original Studies
Rizzi Lung function in DLCO, Dm, KCO | ETS (as cotinine/creatinine
et al. 2004 adolescent males Postnatal ETS | Significantly lower | ratio) inversely associated with
Italy n=80 only. p<0.05 decrements in lung function.
Plus maternal | Lower still with Independent pre- and postnatal
pre-natal prenatal exposure effects. Dose response noted.
smoking also p<0.0001
Svanes Lung function in Parental ETS Wheeze OR Significant risk of pulmonary
et al. 2004 adults after ETS in Maternal 1.12 (1.02-1.23) symptoms in adults exposed in
Europe childhood. n=15,901 | smoking Asthma symptoms | childhood to parental smoking.
1.14 (1.02-1.26) Effects from both maternal and
FEV1 decrease paternal smoking.
p=0.012
Mannino Lung function vs. Postnatal FEV, Decrements in lung function
etal 2001 serum cotinine in High vs. low -1.8% (-3.2--0.4) associated with high vs. low
(O 5400 8-16 yr-olds cotinine MMEF cotinine.
-5.9% (-8.1--3.4)
Li Lung function in Girls/asthma MMEF Postnatal ETS exacerbates in
et al 2000 5263 7-19 yr olds Past ETS only | -4% utero exposure. Prenatal ETS-
Us only effect seen in girls with
asthma.
Bek Cross-sectional study | Postnatal FEV,5.95 =7 % Decrements in lung function
et al 1999 of lung function in Paternal p=0.02 associated with paternal but not
Turkey 360 9-13 yr olds. PEF -6% p = 0.03 maternal smoking due to
Peak and forced Vmaxso -7% unusually low maternal
expiratory flows and p =0.008 smoking and high paternal-
flow after expiration Vinax7s 9% child contact. Limited
of 50 and 75% p =0.009 description of methods and
capacity. confounder control limit utility
of this study.
Bono Studied ETS and rate | Postnatal FEV, -0.66% ETS as urinary cotinine slowed
etal 1998 of change in FEV and p=0.05 rate of FEV| increase over 1 yr
Italy FVCin 333 14-16 yr FVC-0.57%
olds p=0.082
Bearer Maternal ETS Maternal ETS | Blood cotinine Cotinine levels in newborns
etal 1997 exposure: persistent in pregnancy PPHN 3.5 ng/ml associated with ETS exposure
US pulmonary Ctrl 1.65 ng/ml and PPHN
hypertension of the (p=0.022). OR:
newborn (PPHN) 4.68 (1.68-12.76)

CCR cotinine/creatinine ratio; DLCO diffusion capacity for carbon monoxide; Dm diffusion capacity of alveolar membrane;
FEF2s.27 forced expiratory flow at 25-75% of vital capacity; FEV:1 forced expiratory volume in one second; FVC forced vital
capacity; KCO carbon monoxide transfer coefficient; MMEF maximum mid-expiratory flow; PEF peak expiratory flow; PPHN
persistent pulmonary hypertension in the newborn.
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Cook et al., 1998. Part of a series on the health effects of passive smoking, this paper focused on
the effect of ETS on spirometry. A meta-analysis was performed on 21 surveys of school-aged
children. FEV| in children exposed to parental smoking was reduced by 1.4% (95% CI 1.0-1.9).
Mid-expiratory flow rates and end expiratory flow rates were decreased by 5.0% (95% CI 3.3-
6.6%) and 4.3% (95% CI 3.1-5.5%, respectively) when compared to controls. Adjustment for
confounding reportedly had little effect on these estimates; however, other than age, gender and
height, it is not clear what other factors were evaluated. Individually, these heterogeneous
studies show a strong homogeneity of results with nearly all finding decrements in FEV| in
exposed children (Figure 6.1). This analysis supports the association of maternal smoking with
small, statistically significant deficits in spirometric studies in school-aged children. Due to the
limitations of available studies, it is not possible to determine the relative effects of prenatal
exposure to maternal smoking versus postnatal ETS exposure. In general, this review covers
many of the same studies examined in the previous OEHHA document and supports the previous
conclusions.

Figure 6.1 Percentage Difference in FEV1 Between Children of Smokers and Nonsmokers
(Data from Cook et al., 1998)

25 4 :
Fo - ]
Random pe Fixed Meta-analyses - models
20 —e—
—o— :
\ * . e
I 1 E
>, 15 L ZH
| L t |
© Rl
2 o i
I $ |
P 10 | il e R
F o | '
o :
o+
5 : 4
L ‘ _| ]
r |—’_‘ 1
I | :
0 T \; T T 1
-10 -5 0 5 10 15

%FEV1 difference (ETS vs none)

Rizzi et al.(2004) evaluated the effects of ETS exposure at home on 80 secondary school students
free of chronic respiratory or cardiovascular health problems in Milan (16 + 1 yrs of age).
Questionnaires were given to students on their own and their parents smoking habits, respiratory
health, sociodemographic factors, smokers living in the home, frequency of visiting smoky
places, and the overall time exposed to ETS. Cotinine concentration and the cotinine to
creatinine ratio of urinary samples were assayed. Lung function measurements and assessments
of the diffusion capacity of the lung for carbon monoxide (Drco) were conducted on each
student. The carbon monoxide transfer coefficient (KCO) and alveolar-capillary membrane
diffusing capacity (Dy) were calculated. Lung function measurements were compared with
predicted values.
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Students were classified as smokers (21), passive smokers (29), and nonsmokers (neither parents
nor students smoked, 30). There were no differences among the groups for height, weight or
SES. Cotinine/creatinine increased significantly going from nonsmokers (18.6 £ 9.9 ng/mg) to
passive smokers (65.5 £ 23.2 ng/mg) to active smokers (124.7 + 41 pg/mg) (analysis of variance,
p<0.001).

Exposure to ETS resulted in deficits in lung function compared to nonsmokers. Compared to
nonsmokers, the maximum expiratory flow at 25% of FVC (MEF,s) was significantly lower, the
residual volume and RV to total lung capacity ratio were significantly greater, and the Dy co,
KCO, and Dy were significantly lower in the ETS exposed adolescents. Comparing the three
groups, smokers had less lung function than passive smokers who had less lung function than
nonsmokers (p<0.001).

The authors also looked at those passive smokers whose mothers had stopped smoking during
pregnancy and compared their lung function to those whose mothers had not stopped smoking
during pregnancy. Their data indicate that in utero exposure resulted in larger negative effects
than passive smoke exposure postnatally. Specifically, the MEF;s, Dy co, KCO, and Dy values
for passive smoking adolescents whose mothers smoked during pregnancy were statistically
significantly lower than those parameters for passive smokers whose mothers had stopped during
pregnancy (all p<0.05, unpaired t test).

Finally, comparing the passive smokers with only one household smoker to the passive smokers
with more than one household smoker revealed a dose-response trend for MEF,s, Dy co, KCO,
and Dy all being significantly lower with multiple smokers than one smoker (all p<0.01,
unpaired t test).

Thus, this study clearly demonstrated an effect of passive smoke exposure on residual volume
and KCO, which suggests alterations in bronchiolar and alveolar structures. Lung function
measures indicated mild airway obstruction in the passive smokers (and worse damage in active
smokers). The study also found an independent effect of in utero exposure from a smoking
mother and postnatal exposure to ETS on both spirometric measures and the measures of
diffusing capacity.

Svanes et al. (2004) evaluated respiratory health of adults in relation to ETS exposure in
childhood. Participating centers in the European Community Respiratory Health Survey
randomly selected at least 1500 men and 1500 women from populations of at least 150,000
within defined geographic areas. Information was obtained from self-completed questionnaires
as well as more detailed interviews, lung function tests, and blood tests. The paper included
analyses of data from 18,922 subjects from 37 centers in 17 countries.

Spirometric data (FEV1 and FVC) were available for 15,901 subjects, and methacholine
challenge was performed on 13,206 subjects. Atopy was defined as presence of specific IgE to
dust mite, cat, timothy grass, and/or Cladosporium mold (available for 13,972 subjects).
Information on parental smoking was collected at interview. Asthma was defined as medication
use or asthma attacks in the previous 12 months. Information on respiratory symptoms in the
previous 12 months and on chronic bronchitis was also obtained. The relationship between
parental smoking in childhood and adult respiratory health was evaluated using logistic
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regression models with adjustments for age, gender, body mass index, current smoking, current
ETS exposure, occupation, and others.

Maternal smoking was statistically significantly associated with an increased risk of wheeze (OR
1.12; 95%CI 1.02-1.23), presence of more than 3 asthma symptoms in the previous 12 months
(OR 1.14; 95%CI 1.02-1.26), chronic bronchitis (OR 1.19; 95%CI 1.05-1.35), decreases in FEV1
(p=0.012), and in the FEV/FVC ratio (p<0.001), when men and women were combined.
Maternal smoking during pregnancy was also associated with statistically significant OR for
wheeze (OR 1.24; 95%CI 1.09-1.42), more than 3 asthma symptoms (OR1.28; 95%CI 1.11-1.48;
and chronic bronchitis (OR 1.32; 95%CI 1.11-1.57). In addition, there was a statistically
significant decrease in the beta coefficient for FEV1/FVC ratio (-0.99; 95%CI —1.3--0.5). It
should be noted that 40% of the subjects reported not knowing whether their mother had smoked
during pregnancy, so this analysis includes only about 60% of the respondents. When only
nonsmokers were evaluated (about 3000 men and 3500 women), there were similar elevations
but most did not attain statistical significance.

When paternal smoking was evaluated, an association was noted between adult respiratory
symptoms and lung function in men but not in women. The OR for wheeze in adult men
associated with paternal smoking in childhood was 1.13 (95%CI 1.00-1.28), while that for more
than 3 asthma symptoms was 1.20 (95%CI 1.03-1.39), and for chronic bronchitis was 1.22
(95%CI 1.02-1.45). The authors note that there is a convincing effect of postnatal exposure to
ETS on lung health in adult men.

Maternal smoking was associated with both symptoms and lung function decrements in women,
but less so in men. In women the odds ratios were 1.14 (95%CI 1.01-1.31) for wheeze, 1.16
(95%CI 1.01-1.33) for more than 3 asthma symptoms, and 1.22 (95%CI 1.01-1.46) for chronic
bronchitis. Statistically significant decrements in FEV1 and in the ratio of FEV1 to FVC were
noted.

This study also evaluated whether there was evidence of a dose-response by looking at the
differences between results when only one parent smoked or when both parents smoked. For
men and women combined, there was a significant trend upwards for both lung function
decrement and symptoms when both parents smoked. This was also the case when men were
considered separately, but only one trend test was positive when women were considered
separately.

This study did not separate the effects of maternal postnatal exposure with intrauterine exposure
to smoke constituents from maternal smoking. Paternal smoking appeared to have no effect on
women’s adult lung health, but did affect men’s adult lung health. The authors speculate that
there may be gender differences in the window of susceptibility for effects of tobacco smoke
constituents on the lung, with females being more susceptible to prenatal damage and males
more susceptible to postnatal damage. However, additional study would be needed to elucidate
evaluate that hypothesis.

Mannino et al., 2001. This study from the Centers for Disease Control utilized data on 5,400 US
children collected from the NHANES III, a nationally representative cross-sectional survey.
Pulmonary function studies were performed in children 8-16 years of age. Logistic and linear
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regression analyses of serum cotinine levels were stratified into tertiles and pulmonary function
tests adjusted for age, height, ethnicity, SES, parental history of allergy or asthma, family size,
maternal prenatal smoking and cotinine levels. Decrements in lung function were noted with
high cotinine compared with low cotinine levels, with a mean change of -1.8% (95% CI -3.2--
0.4%) in FEV}, and a mean change of -5.9% (95% CI, -8.2--3.4%) in MMEF. Lower levels of
lung function were also associated with a history of prenatal exposure to maternal smoking. A
limitation of this study is the relatively short half-life of cotinine (3-4 days) making this an
accurate evaluation of recent exposure but not long-term exposure. It is assumed that lifetime
exposure is likely to be more accurately expressed by this in the youngest age groups. The study
is strengthened by the large sample size, the representative nature of the population, use of
biomarkers, adjusting for covariates and evaluation of potential confounders.

Lietal., 2000. Lung function was measured spirometrically on 5,263 children, ages 7-19 yrs,
who participated in the University of Southern California Children’s Health Study. Health,
demographic and ETS exposure data were collected at enrollment. Forced vital capacity (FVC),
forced expiratory volume (FEV) and maximum mid-expiratory flow (MMEF) were measured.
ETS exposure was associated with deficits in lung flows and increases in lung volumes. These
effects were also seen to be influenced by in utero exposure, children’s gender and asthma status.
In utero exposure to maternal smoking generally had a larger effect on lung function. A
significant effect of exclusively postnatal ETS exposure was only observed in girls with asthma
as a 4% deficit in MMEF. Current ETS exposure was found in this study to be detrimental to
lung function although the measured effects were small and often not statistically significant
after adjustment for in utero exposure. However these data were a cross-sectional sampling of a
longitudinal study and there was no adjustment made for changes in parental smoking behavior
nor for ETS exposure outside the home. Either situation would be expected to alter estimates of
ETS effects, likely diluting the sensitivity of the study.

Bek et al., 1999. These investigators conducted a cross-sectional study in Turkey to evaluate the
effect of ETS on lung function studies in 360 children 9-13 years. Information was obtained via
a questionnaire and spirometry. Paternal smoking was associated with a 7% (p=0.02) reduction
in FEV3s5.75.a 6% (p=0.03) reduction in peak expiratory flow, and 7% (p=0.008) and 9%
(p=0.009) reductions in Vyaxso and Vi, 75, respectively (flow rates after 50 or 75% of the vital
capacity is expired). The description of methods is limited and it appears that confounding
variables were not adequately considered which limits the usefulness of this study.

Bono et al., 1998. The effects of ETS on lung growth were determined by the rate of increase in
measurements of FEV, and FVC taken in two consecutive years and related to urinary cotinine
levels in this longitudinal study of 333 school children, ages 14-16. After controlling for
changes in age, height, weight and smoke exposure between measurements, ETS exposure, as
measured by urinary cotinine levels, was associated with a reduction in rate of increase of 0.66%
for FEV, (p=0.05), and of 0.57% in FVC (p=0.082). Due to the narrowness of the
developmental window during which these measurements were made, it is not known whether
these small decrements in lung function growth are permanent and/or whether they become more
pronounced with longer-term exposure. Nevertheless, the data indicate that ETS has at least a
transient deleterious affect on lung function development.
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Bearer et al., 1997. Persistent pulmonary hypertension of the newborn (PPHN) is a clinical
disorder associated with remodeling of the pulmonary vasculature and elevated risk of perinatal
death. It is characterized by abnormal vascular structure, growth and reactivity. The association
between maternal and fetal nicotine exposure (cotinine levels) and PPHN was the topic of this
study. Cotinine was assayed in cord blood or the earliest sample of newborn blood. PPHN was
indicated by the lability of oxygenation and/or disparity of pre- and postductal oxygen saturation
as assessed by pulse oximetry and confirmed by two-dimensional echocardiography. Thirty-one
PPHN case infants were compared with 39 controls. Mothers were matched for ethnicity and
there were no significant differences between groups for age, education, parity or gravidity. In
the PPHN group, Apgar scores at 1 and 5 minutes were significantly lower (p<0.0001) and
detectable cotinine was higher (5.2 ng/ml) than in the comparison group (2.0 ng/ml). Among
those reporting passive smoke exposure only, cotinine was detected in 50% of the PPHN infants
versus 18% of the comparison group, with a significantly higher median value for the PPHN
group (3.5 ng/ml vs. 1.65 ng/ml). Logistic regression analysis was performed to correct for
baseline differences in the groups and for potential selection bias, and resulted in an unadjusted
OR 0f 4.68 (95% CI 1.68-12.76) for the association of passive smoke exposure and PPHN. The
OR for PPHN reportedly increased to 6.10 after adjustment for ethnicity but no confidence
interval was provided.

6.1.2. Studies on Lung Development in Animals

Recent studies of lung development in animals have concentrated on the effects of maternal ETS
exposure during pregnancy on subsequent development in the fetus and neonate. In a study by
Nelson et al. (1999a), histological changes were observed in the lungs of neonatal rats born to
mothers exposed to sidestream smoke during pregnancy. Increasing changes in the mesenchyme
and incidence of apoptosis in neonatal lungs were seen with increasing exposure of the dam to
sidestream smoke (1-4 cigarettes/day for 1 week), especially when the exposure occurred during
the third versus first or second week of gestation.

ETS has been implicated in the development of reactive airway disease. As described in section
6.5.1.4, a study by Rumold et al. (2001) used a murine model to test whether exposure to side
stream smoke (SS; a surrogate for ETS) can induce allergic sensitization to inhaled ovalbumin
(OVA). In this study, both total serum and OV A-specific IgE levels were significantly elevated
in mice exposed to OVA/SS compared to OVA alone (p<0.01). Similarly IgG1 levels were
significantly elevated in this group (p<0.01). The production of specific allergic antibodies to
inhaled allergens is characteristic of the sensitization phase of reactive airway disease. These
experiments indicate that ETS has the capacity to alter lung homeostasis and augment allergic
sensitization to otherwise innocuous allergens.

In addition to allergic sensitization, ETS exposure may also render lungs more susceptible to
subsequent injury by ozone. Yu et al. (2002) collected bronchoalveolar lavage (BAL) fluid and
lungs from adult B6C3F1 mice exposed to aged and diluted sidestream smoke (ADSS), filtered
air, ozone or ADSS followed by ozone. Exposure to ADSS (112 ppm CO, 29.5 mg/m’ total
suspended particulate) was for 6 hrs/day on three consecutive days. Cell proliferation in the
lungs, as measured by bromodeoxyuridine (BrdU) incorporation, was used as an indicator of cell
injury and death. BrdU incorporation was significantly elevated by ozone exposure compared to
filtered air or ADSS (p < 0.05), and was further significantly elevated after exposure to the

Respiratory Health Effects 6-8



Health Effects Assessment for ETS July, 2005

combination of ADSS and ozone compared to ozone alone (p < 0.05). Similarly, in the BAL
fluid, neutrophils were increased by ozone compared to air or ADSS (p < 0.05), with neutrophils,
macrophages and protein significantly more abundant after ADSS and ozone combined than after
ozone alone (p < 0.05). This indicated that prior smoke exposure exacerbated the cellular
damage caused by ozone exposure.

6.1.3. Summary of ETS Effects on Lung Growth and Development

Childhood exposure to ETS was found to be associated with small decrements in various
spirometric measures of lung function in pre-adolescents and adolescents in the range of 0.5-7%.
One study demonstrated decreased diffusing capacity in passive smokers (Rizzi et al., 2004). In
addition, in at least one study, childhood ETS exposure was associated with respiratory
symptoms and lung function in adults (Svanes et al., 2004). From most of these studies it is not
possible to determine the contribution of prenatal exposure to the observed effects. However,
there are a few exceptions. Li et al. (2000) observed an independent effect of postnatal ETS
exposure, but found that prenatal passive smoke exposure had a more pronounced effect on lung
function than did postnatal ETS. In addition, Li et al. observed that in utero exposure combined
with asthma resulted in significantly larger deficits than in children without asthma. Rizzi et al.
(2004) found that in utero exposure resulted in larger lung function decrements than did
postnatal exposure alone. Svanes et al. (2004) found that paternal smoking, but not maternal
smoking was more strongly associated with lung function decrements in men but not in women.
Thus postnatal ETS exposure appears to have possibly influenced men’s adult lung health in this
study, separate from in utero exposure. In three studies (Mannino et al., 2001; Bono et al., 1998;
Bearer et al., 1997), ETS exposure was documented by measurements of cotinine, an indicator of
recent nicotine exposure, and an association was found between the adverse effects and elevated
cotinine; thus, these studies implicate postnatal ETS exposure as causing decreased lung function
growth. It is evident that childhood ETS exposure is at least transiently detrimental to lung
development, and if the effects seen in Svanes et al. (2004) are repeated in other studies, the
effects may indeed be permanent.

Studies of the effects of ambient air pollution are consistent with the adverse effects reported for
ETS exposure. In an eight-year prospective study of 1,759 children recruited at 10 years of age
in southern California, deficits in the growth of FEV| were significantly associated with
exposures to components of ambient air pollution, specifically NO, (p = 0.005), acid vapor (p =
0.004), PM, 5 (p = 0.04) and elemental carbon (p = 0.007) (Gauderman et al., 2004). Thus the
plausibility of an adverse effect of ETS exposure on lung development is borne out by studies of
the effects of air pollution on the same endpoints. In addition, these lung function changes can
be considered permanent as the growth in lung function is essentially complete in an 18 year old.

6.2. Acute Health Effects in Children
6.2.1. Asthma Exacerbation
6.2.1.1. Previous Findings on Asthma in Children

A previous review by U.S. EPA (1992¢) concluded that: “There is now sufficient evidence to
conclude that passive smoking is causally associated with additional episodes and increased
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severity of asthma in children who already have the disease.” The 1997 Cal/EPA report, which
reviewed additional studies, affirmed the causal connection between ETS exposure and
childhood asthma exacerbation.

6.2.1.2. New Epidemiological Findings in Children

Fourteen more recent cross-sectional and cohort studies are described below and summarized in
Table 6.20. Recent publications continue to confirm the adverse impact of ETS exposure on
childhood asthma status.
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Table 6.20 Studies of Asthma Exacerbation in Children

July, 2005

Reference | Study ETS exposure Findings, Comments
Country description measure measurement or
OR (95% CI)
Gilliland | Absenteeism among fourth-graders Parental smoking Absenteeism due to ETS increases absences due to
et al. 2003 | related to respiratory illness. n= 1,932 vs. child + asthma respiratory illness respiratory illness as does asthma.
UsS None + asthma 1.45 (1.15-1.83) ETS from > 2 smokers exacerbates
1 + no asthma 1.05 (0.79-1.39) absentee risk 3-fold in asthmatic
1 + asthma 2.35(1.49-3.71) children.
> 2 + no asthma 1.44 (1.04-2.00)
> 2 + asthma 4.45 (2.80-7.07)
Mannino | Population-based study Serum cotinine Moderate to severe Highest cotinine levels associated
et al 2002a | cross-sectional: serum cotinine and asthma with moderate to severe asthma;
NHANES | asthma severity Highest vs. lowest tertile | 2.7 (1.1-6.8) also with severe asthma but CI
mr us 4-6 yrs n =523 FEV1 -8.1% included no effect.
(-14.7--3.5%)
FVC -5.6%
(-10.6--0.6%)
FEV1/FVC -3.0%
(-6.5-0.5%)
Crombie Retrospective cohort study: salivary Salivary cotinine. Health service contacts | Measured ETS exposure for period
etal 2001 | cotinine vs. health service contacts among | < 2 ng/ml 1.0 (ref) (IRR") following 12 months of tracked
UK asthmatic kids. 2.1-45 « 0.95 (0.82-1.11) health service contacts.
2-12 yrs. n=438 > 4.5 “ 1.15 (0.98-1.34)
Ehrlich Cross-sectional study: urinary cotinine in | Urinary cotinine BHR PR’ BHR not associated w/ETS. But
etal 2001 | 2™ grade asthmatics and bronchial hyper- 33.8  ng/mg (referent) parents of symptomatic children
S Africa responsiveness (BHR) 34-742 ¢ 0.86 (0.61-1.20) may decrease smoking.
n =249 74.3- 137.7 “ 0.94 (0.68-1.30)
>137.7 “ 0.81 (0.57-1.15)

1

FVC forced vital capacity; MMEF maximum mid-expiratory flow; PEF peak expiratory flow.
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Table 6.20 Studies of Asthma Exacerbation in Children

July, 2005

Reference | Study ETS exposure Findings, Comments
Country description measure measurement or
OR (95% CI)
Venners Cross-sectional study: paternal smoking Paternal FEV, Girls Compared to nonsmoking fathers,
etal 2001 | and pulmonary function in asthmatic kids | < 30 cig/day -18 ml (p=0.75) statistically non-significant
China 8-15 yrs, n =529 > 30 “ -24 ml (p=0.73) decrease in FEV, with increased
FEV, Boys paternal smoking. Dose-dependent
< 30 cig/day -38 ml (p=0.40) trend suggested.
>30 “ -72 (p=0.24)
Melen Cohort study: 2 yr follow-up of severe Parent reported Severe asthma ETS associated with risk of severe
etal 2001 | asthma attacks Severe asthma 3.0 (0.74-12.2) asthma. ETS synergistic w/ dust
Sweden 1-4 yrs. n =181 ETS synergism w/dust mite allergen OR 18 (3-101).
mite allergen 18 (3-101)
Willers Cross-sectional study: asthma symptoms | Plasma cotinine median cotinine Current asthma with wheeze and
et al 2000 | vs. cotinine Asthma + wheeze 0.50 pg/l plasma dyspnea associated with highest
Sweden 8-11 yrs. n =87 « “+dyspnea 0.80 pg/l plasma cotinine in urine and plasma but
previous asthma 0.60 pg/l plasma significance unknown as study
Urinary cotinine lacked statistical comparisons.
Asthma + wheeze 0.60 pg/g creatinine
«“ “+dyspnea 1.60 pg/g
previous asthma 0.70 pg/g  “
Schwartz | Cohort study: followed ETS and PEF in Parent diary PEF decrement ETS associated with decreased
et al. 2000 | asthmatic kids for 3 mo Any vs. none Any vs. no ETS peak expiratory flow (PEF) both
Finland 7-12 yrsn="74 Daily PEF I/min -42 (-10 to -74) morning and evening. Also
Evening PEF -41 (-8 to —74) exposure-response trend for days of
ETS previous day ETS and PEF (p=0.01)
Mean decrement PEF 9.2 (-2.9t021)
Bronchodilator use 10.3 (1.3 to 84)
Cough 12.4 (2.4 to 63)
Phlegm production. 7.8 (1.4t042)

FEV, forced expiratory volume in one second; FVC forced vital capacity; MMEF maximum mid-expiratory flow; PEF peak expiratory flow.
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Table 6.20 Studies of Asthma Exacerbation in Children

July, 2005

In utero +postnatal

Past ETS only
Current ETS

In utero

In utero +postnatal

Past ETS only
Current ETS

In utero

In utero +postnatal

-11.0 (-19.5--1.6)
FEV, (ml) Girls
2.7 (-2.1-7.8)
3.3(-1.5-8.3)
1.3 (-5.7-8.9)
0.2 (-3.4-4.0)
FEV,/FVC Girls
2.4 (-0.8-5.7)
0.9 (-2.2-4.1)
-6.8 (-11.2--2.3)
-2.6 (-4.9--0.1)
MMEF Girls

Past ETS only 10.3 (-0.9-22.7)
Current ETS 10.2 (-0.9-22.5)
In utero -17.1 (-30--2.6)
In utero +postnatal -3.5(-11.3-5.0)

Reference | Study ETS exposure Findings, Comments
Country description measure measurement or
OR (95% CI)
Li Cross-sectional study: pulmonary Parent reported FEV, (ml) Boys In utero exposure in boys strongly
et al 2000 | function among asthmatic kids Past ETS only -2.7 (-8.1-3.0) associated with decreased
US 7-19 yrs n =749 Current ETS -0.4 (-5.5-4.9) pulmonary function (FEV))
In utero -6.8 (-13.8-0.7) especially if combined with
In utero +postnatal -7.2 (-11.4--2.8) postnatal ETS compared to no
FEV/FVC Boys parental ETS. Postnatal effect not
Past ETS only -0.6 (-3.8-2.8) evident for girls or other function
Current ETS -1.7 (-4.6-1.4) measures.
In utero -5.0 (-9.2--0.6)
In utero +postnatal -2.8 (-5.4--0.1)
MMEF Boys
Past ETS only -2.8 (-14.2-10.0)
Current ETS -2.9 (-13.3-8.6)
In utero -14.0 (-27.3-1.7)

FEV, forced expiratory volume in one second; FVC forced vital capacity; MMEF maximum mid-expiratory flow; PEF peak expiratory flow.
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Table 6.20 Studies of Asthma Exacerbation in Children

July, 2005

Reference | Study ETS exposure Findings, Comments
Country description measure measurement or
OR (95% CI)
Oddoze Cross-sectional study: urinary cotinine vs. | Urinary cotinine Cotinine inversely Same group as Dubus study with
etal 1999 | BHR in asthmatic kids hospitalized associated with amount | similar results but no effect
France w/wheeze. of carbachol that estimates.
4-14 yrs. n=90 doubled airway p= 0.03
resistance
Dubus Cross-sectional study: urinary cotinine in | Urinary cotinine Carbachol to double ETS exposure increased BHR, as
etal 1998 | asthmatic kids and BHR 5-13 yrs. n=46 airway resistance less carbachol was needed to
France undetectable 161 pg double airway resistance. p = 0.04
elevated 108 pg

Abulhosn | Cohort study: follow-up for 4 wks after Parent reported ETS vs. none During 4 wk recovery, ETS-
etal 1997 | hospitalization for asthma Symptomatic (days) exposed had more symptomatic
UsS 2-13 yrsn=22 Days 3.3 vs. 1.4 (p<0.05) days and no decrease in 3-agonist

Nights 2.3 vs. 1.4 (p>0.05) use vs. decrease of 12 x/wk w/no

B-agonist use/wk 3 vs. —12 (p<0.001) ETS.

Meijer Cohort study: followed PEF amplitude Parent report Circadian PEF ETS increased variation in PEF
etal 1996 | and ETS after withdrawal of inhaled amplitude increase (amplitude) suggesting effects on
UsS corticosteroids. 9.3 yrs n =55 B=11.2 (p=0.001) airway diameter.
Macarthur | Cohort study: followed ETS vs. Parental smoking Rehospitalization ETS increased risk of re-
etal., 1996 | rehospitalization of asthmatic kids. assessed from hospital OR 1.4 (0.9-2.4) hospitalization but accuracy of
Canada 1-13 yrs n =68 records exposure assessment questionable.

FEV, forced expiratory volume in one second; FVC forced vital capacity; MMEF maximum mid-expiratory flow; PEF peak expiratory flow.
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Gilliland et al., (2003) evaluated the relationship between ETS exposure, asthma status and
illness-related absenteeism in the Southern California Children’s Health Study, a cohort of 1,932
fourth-grade children in 12 California communities. Data on sociodemographics, indoor
exposures and medical histories were obtained from parents or guardians via questionnaires at
study entry. Attendance data were collected from the schools, and parents were contacted by
telephone to determine the reason for the absence. Illness-related absences were categorized into
respiratory or gastrointestinal. To estimate the risk of absenteeism associated with ETS
exposure, incident absence rates were stratified and adjusted for sociodemographic variables
including community, ethnicity, age, gender, parental education, health insurance, family
income, BMI, and number of hours of outdoor activity.

Any ETS exposure was found to significantly increase the incidence of missed school days,
including non-illness-related (RR 1.29, 95% CI 1.02-1.63), illness-related (RR 1.33, 95% CI
1.13-1.57), and respiratory-illness-related (RR 1.27, 95% CI 1.04-1.56) absences. Among
illness-related and especially respiratory-illness-related absences, there was evidence of dose-
response relationships associated with increasing numbers of smokers in the household.
Children with asthma or wheeze were particularly sensitive to ETS. The risk of absenteeism for
respiratory-related illness among asthmatic children not exposed to ETS was 1.45 (95% CI 1.15-
1.83) compared to 4.45 (95% CI 2.80-7.07) with exposure to two or more smokers (see Table
6.21). A similar trend was observed among children with wheeze. Exposure to ETS was also
associated with an enhanced risk of absence due to gastrointestinal illness (RR 1.43-95% CI
1.12-1.82) that increased as the number of household smokers increased.

These data indicate that ETS exposure has a significant deleterious effect on children’s health as
measured by school absenteeism. Since even non-illness-related absences were higher among
ETS-exposed children, it may be expected that ETS exposure may negatively affect scholastic
performance and academic achievement in addition to its adverse health effects.
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Table 6.21 ETS exposure and School Absenteeism (Gilliland et al., 2003)
Non-illness IlIness- Respiratory-
#Children | related related illness-related
ETS/asthma RR (95% CI) RR (95% CI) RR (95% CI)
No/No 1,264 ref ref ref
No/Yes 217 0.82 (0.58-1.16) | 1.30 (1.06-1.59) | 1.48 (1.17-1.81)
Yes/No 303 1.23 (0.96-1.59) | 1.25(1.04-1.50) | 1.14 (0.91-1.44)
Yes/Yes 48 1.21 (0.69-2.14) | 2.19 (1.59-3.01) | 2.55 (1.78-3.65)
#Smokers/asthma
0/No 1,294 ref ref ref
0/Yes 226 0.91 (0.66-1.26) | 1.27 (1.04-1.55) | 1.45 (1.15-1.83)
1/No 209 1.40 (1.05-1.87) | 1.18 (0.95-1.47) | 1.05 (0.79-1.39)
1/Yes 30 1.26 (0.63-2.53) | 2.02 (1.35-3.00) | 2.35(1.49-3.71)
>2/No 98 1.31 (0.90-1.92) | 1.46 (1.12-1.89) | 1.44 (1.04-2.00)
>2/Yes 17 1.51 (0.64-3.59) | 3.29 (2.16-5.03) | 4.45 (2.80-7.07)
ETS/Wheeze
No/No 968 ref ref ref
No/Yes 467 1.28 (1.01-1.61) | 1.26 (1.08-1.47) | 1.45 (1.20-1.75)
Yes/No 218 1.27 (0.94-1.73) | 1.14 (0.92-1.42) | 0.93 (0.69-1.25)
Yes/Yes 124 1.59 (1.11-2.26) | 1.90 (1.50-2.39) | 2.29 (1.75-3.00)
#Smokers/Wheeze
0/No 992 ref ref ref
0/Yes 480 1.32 (1.05-1.66) | 1.25(1.07-1.47) | 1.43 (1.18-1.73)
1/No 159 1.46 (1.04-2.05) | 1.08 (0.93-1.41) | 0.89 (0.62-1.27)
1/Yes 75 1.71 (1.11-2.62) | 1.81 (1.36-2.41) | 2.13 (1.53-2.97)
>2/No 61 1.49 (0.93-2.39) | 1.43 (1.03-2.00) | 1.20 (0.76-1.88)
>2/Yes 51 1.49 (0.88-2.50) | 2.21 (1.62-3.02) | 2.97 (2.09-4.23)

Mannino et al., 2002a. Using the population-based NHANES III data, Mannino and colleagues
examined the impact of ETS exposure, as measured by serum cotinine, on asthma severity,
which was classified based on frequency of respiratory symptoms and illnesses. Compared to
the lowest serum cotinine tertile, the highest cotinine tertile was associated with a greater risk of
moderate or severe asthma (OR 2.7; 95% CI 1.1-6.8). The risk of severe asthma was also
elevated, but the confidence interval was wide and included no difference (OR 1.9; 95% CI 0.6-
5.7). The highest cotinine tertile was also related to decreased pulmonary function, including a
lower mean FEV| (-8.1%; 95% CI -14.7%--3.5%), FVC (-5.6%; 95% CI -10.6%--0.6%), and
FEV//FVC ratio (-3.0%; 95% CI —6.5%-0.5%).

Crombie et al. (2001) evaluated the relationship between current salivary cotinine and health
service contacts for asthma during the previous year. These investigators recruited 438 children
aged 2-12 with asthma and one or more smoking parents from general practices in the U.K.
Health contacts were determined by review of medical records and computerized pharmacy
records. Compared to the lowest cotinine group, the highest cotinine group was associated with
an increased risk of health care utilization for asthma expressed as the incident rate ratio (IRR
1.19; 95% CI 1.05-1.37). After controlling for asthma severity and sociodemographic
covariates, the risk estimate was slightly lower (IRR 1.15; 95% CI 0.98-1.34). A major
limitation of this study is the nature of the exposure-outcome relationship. Because ETS
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exposure was ascertained for a period following the health care utilization, the causal pathway
may not be clearly delineated. For example, the parent of a child with frequent asthma-related
utilization may reduce their smoking, which would attenuate the risk estimate.

Ehrlich et al., 2001. In a population-based cross-sectional study from South Africa, researchers
recruited a sample of 249 second-grade students with asthma to undergo bronchoprovocation
testing with histamine. There was no statistical relationship between urinary cotinine-creatinine
ratio and the risk of bronchial hyper-responsiveness. Similarly, there was no association
between self-reported current maternal or paternal smoking and bronchial hyper-responsiveness,
with prevalence ratios (PR) of 0.8 (95% CI 0.5-1.1) and 1.0 (95% CI 0.8-1.3), respectively.
There was also no relation between cotinine-creatinine ratio and asthma symptom score
(p=0.40). Current maternal smoking was associated with lower mean FEV; (mean decrement —
232 ml; 95% CI —461--2). This relationship was not observed for current paternal smoking
(mean FEV increment 112 ml; 95% CI -78-302). Overall, the study results support a negative
impact of ETS exposure on pulmonary function, but not on bronchial hyper-responsiveness or
asthma severity. As the authors point out, parents with symptomatic children may be more likely
to quit smoking or not smoke around the child, which would attenuate the observed risk.

Venners et al., 2001. In a study from rural China, researchers using a cross-sectional design
examined impact of paternal smoking on pulmonary function among 529 children with asthma.
Because maternal smoking was rare, this study was able to independently evaluate the impact of
paternal smoking. Exposure to paternal smoking was associated with decreased FEV| in both
boys and girls, although the results were not statistically significant (Table 6.20). Inspection of
the results suggests an exposure-response relationship. These results, based on a rural Chinese
population, should be generalized to the California population with caution.

Melen et al. (2001) evaluated a cohort of 181 Swedish children with asthma two years after they
were enrolled in an earlier case-control study. These children were initially recruited from
pediatric allergy clinics in Stockholm for evaluation of asthma. Many had been hospitalized or
seen in an emergency department for asthma. At follow-up, asthma severity was classified using
structured interview data from parents, based on current asthma symptoms and level of inhaled
corticosteroid use. Severe asthma was defined as daily regular corticosteroid use and activity
restriction for more than 6 days/month (12 children met this definition at follow-up). Parental
smoking was associated with a greater risk of severe asthma at 2-year follow-up (OR 3.0; 95%
CI 0.74-12.2). Because the proportion of children with severe asthma was low, the confidence
intervals are wide. In addition, the authors observed a synergistic interaction between high levels
of dust mite allergen in the home and ETS exposure at baseline on asthma prevalence (OR for
both factors 18.0; 95% CI 3.0-101).

Willers et al. (2000) recruited 85 of 137 children with asthmatic symptoms who were identified
by a population-based survey. They evaluated the relationship between ETS exposure (plasma
and urine cotinine levels) and asthma symptoms. Compared to children who indicated previous
(but not current) asthma symptoms, subjects with current wheeze had similar plasma cotinine
levels (median 0.50 pg/l vs. 0.60 pug/l). The results for urine cotinine-creatinine ratios were also
similar (0.60 pg/g creatinine vs. 0.70 pg/g). Children with current wheeze and dyspnea had
higher plasma and urinary cotinine levels (median 0.80 pg/l and 1.6 pug/g creatinine,
respectively). In particular, children with current wheeze and dyspnea appear to have higher
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urine cotinine-creatinine ratios than children with wheeze alone. Although no statistical
comparisons are presented, these results were deemed “not statistically significant” by the
authors. The lack of detailed statistical comparisons among the groups limits interpretation of
this study.

Schwartz et al., 2000. Researchers recruited 74 asthmatic children, using a survey sent to
primary school children in 8 schools in Kuopio, Finland. Participants were instructed to record
daily respiratory symptoms, medication use, and ETS exposure in the home every day for a 3-
month period. In addition, children measured their peak expiratory flow each morning and
evening. As assessed by the diaries, any ETS exposure during the 3-month period was
associated with a lower peak expiratory flow in the morning (mean decrement 42 L/min; 95% CI
10-74) and evening (41 L/min; 95% CI 8-74). This mixed effects regression analysis controlled
for socioeconomic factors, height, asthma medications, and repeated measurements among
subjects. There was also evidence of an exposure-response relationship between number of ETS
exposure days and peak expiratory flow (p for trend = 0.01). When 1-day lagged ETS values
were examined, the relationship between ETS and decreased peak expiratory flow was less
strong (mean decrement 9.2 L/min; 95% CI 2.9-21). 1-day lagged ETS exposure was strongly
related to a greater risk of subsequent bronchodilator use (OR 10.3; 95% CI 1.3-84), cough (OR
12.4; 95% CI 2.4-63), and phlegm production (OR 7.8; 95% CI 1.4-42). This study clearly
supports an association between ETS exposure and exacerbation of asthma.

Lietal., 2000. A cross-sectional analysis, using children recruited for the University of
Southern California Children’s Health Study, examined the relationship between ETS exposure
(past and current) and pulmonary function among 749 children aged 7-19 years with current
asthma. Compared to boys without any parent-reported ETS exposure, a history of in utero
tobacco exposure (i.e., maternal smoking) was most strongly associated with decreased FEV,
FEV,/FVC ratio, and maximal mid-expiratory flow (MMEF) (Table 6.20). Both past and current
ETS exposures were related to lower pulmonary function values, but the confidence intervals
were wide and included no effect. Boys exposed to two or more current smokers had lower
FEV, (-2.9 ml; 95% CI -9.0-3.7), FEV/FVC ratio (-3.6 ml; 95% CI —7.2-0.1), and MMEEF (-5.2
ml; 95% CI —18-9.5). The combination of in utero tobacco exposure and any postnatal ETS
exposure was associated with statistically significant decreases in FEV| (-7.2 ml; 95% CI —11.4--
2.8), FEV/FVC (-2.8 ml; 95% CI -5.4--0.1), and MMEF (-11.0 ml; 95% CI —-19.5--1.6). In
girls, in utero tobacco exposure alone was associated with decreased FEV/FVC and MMEEF, but
not FEV,. The combination of in utero tobacco exposure and subsequent ETS exposure was
associated with a statistically significant decrease in FEV/FVC (-2.6; 95% CI -4.9--0.1) and an
apparent, but not statistically significant, decrease in MMEF (-3.5 ml; 95% CI -11.3-5.0).
Exposure to two or more smokers was associated with a decrease in FEV/FVC (-2.7 ml; 95% CI
-6.0-0.6) and MMEF (-4.2 ml; 95% CI -14-7.2), but not to FEV, (2.7 ml; 95% CI -2.3-7.8).
Taken together, these data support the subacute or chronic negative effects of ETS exposure on
pulmonary function among children with asthma.

Oddoze et al., 1999. Another study from the same French investigators examined pulmonary
function among 90 children recruited from a pediatric asthma clinic or who were recently
hospitalized for wheezing. Although no effect estimates were presented, the authors noted a
strong positive association between urinary cotinine and the degree of bronchial hyper-

Respiratory Health Effects 6-18



Health Effects Assessment for ETS July, 2005

responsiveness as measured by the response to carbachol (p=0.03). They reported no
relationship between urinary cotinine and FEV| (no specific results presented).

Dubus et al. (1998) recruited 46 children (ages 5-13 years) with asthma who were referred to a
pulmonary function laboratory. Based on urinary cotinine levels, they divided children into
ETS-exposed (elevated urine cotinine) vs. unexposed (no detectable cotinine). The ETS-exposed
children had greater bronchial hyper-responsiveness, as indicated by a lower dose of inhaled
carbachol that doubled specific airway resistance (mean 108 pg vs. 161 pg). In contrast to the
study by Ehrlich and colleagues (Ehrlich et al., 2001), these results are consistent with an
adverse effect of ETS exposure on bronchial hyper-responsiveness. While there was no
assessment of a child’s smoking history, it seems unlikely that this would have influenced the
association observed in this study, since not many children younger than 10 or 12 smoke.

Abulhosn et al. (1997) followed a cohort of 22 children for 4 weeks following hospitalization for
asthma. Based on parent responses, children were classified as living in homes with any
smokers (exposed) vs. none (unexposed). After hospital discharge, ETS-exposed children had
more symptomatic days from asthma than unexposed children (mean + SEM 3.3 + 3.7
symptomatic days vs. 1.4 + 2.1 days, p <0.05). Children with ETS exposure also had more
symptomatic nights (mean 2.3 & 3.4 vs. 1.4 £ 1.9), although the p value was greater (p>0.05).
After hospitalization, ETS-exposed children had no significant change in weekly bronchodilator
use (mean increase 3.0 doses/week), whereas unexposed children had a reduction in weekly use
(mean reduction 12 doses/week, p<0.001). This study indicates that among children with a
severe asthma exacerbation that requires hospitalization, ETS exposure is associated with
delayed recovery.

Meijer et al. (1996) studied a cohort of 55 asthmatic children with allergy to house dust mite
during and after withdrawal of inhaled corticosteroid therapy. The authors hypothesized that
exogenous stimuli in the home, such as ETS, could increase circadian swings in airway diameter.
To measure this phenomenon, they examined circadian peak expiratory flow (PEF) amplitude,
which is the highest daily PEF minus the lowest PEF, expressed as a percentage of the day’s
mean value. Compared to unexposed children, ETS exposure was associated with a greater
mean PEF amplitude after discontinuation of inhaled corticosteroids (29.7 vs. 19.4, p<0.05). In
multivariate analysis controlling for age, pet exposure, dust mite exposure, and degree of
bronchial hyper-responsiveness, ETS exposure was associated with an increase in PEF amplitude
(B=11.2; p=0.001). These results suggest that ETS exposure can increase variability in
bronchial airway diameter throughout the day.

Macarthur et al. (1996) recruited 68 children in Canada who had been hospitalized twice for
asthma and followed them for repeat hospitalization. Predictor data, including parental smoking,
were abstracted from the inpatient medical record. Compared to unexposed children, ETS
exposure was associated with a greater risk of re-hospitalization (OR 1.4; 95% CI 0.9-2.4).
Reflecting the small sample size, the confidence intervals were wide and included no effect. A
serious limitation is assessment of ETS exposure based on medical record review, which may not
accurately reflect exposure status in all cases. The small sample size and lack of statistical
control for confounding variables also limit the conclusions that can be drawn from this study.
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6.2.1.3. Summary — Asthma Exacerbation in Children

Taken together, the recent evidence supports the original 1997 Cal/EPA report’s conclusion that
ETS is a causal factor for asthma exacerbation among children. The cross-sectional studies are
all limited by the possibility of selection effects, such as smoking reduction by parents who have
children with more severe asthma. This bias, which is unavoidable in cross-sectional studies,
would attenuate any observed risk estimate. The longitudinal studies, which are less prone to
this bias, are most consistent with an adverse effect of ETS on childhood asthma status, and
consistently show elevated risk of symptoms, more and prolonged medication use, and increased
school absenteeism. In addition, as shown in a recent meta-analysis by Vork et al. (2002),
hidden environmental differences between studies may distort risk estimates. Specifically,
higher ETS-related asthma risks were reported in areas with lower ambient air pollution. It was
suggested that in polluted areas, individuals who are genetically more susceptible to asthma may
be more affected by the ambient air pollution than by ETS, thus masking the effects of ETS
exposure. If nondifferential, failure to account for the effects of ambient air pollution could bias
risk estimates towards unity.

6.2.2. Respiratory Infections (children)
6.2.2.1. Background

Prior to the 1997 Cal/EPA report, the role of ETS in respiratory infections in young children was
extensively reviewed by the NRC (1986a), Surgeon General (U.S. DHHS, 1986b) and U.S. EPA
(1992b). For this reason a separate de novo analysis of the primary literature was not conducted
at that time. Based on those reviews, the Cal/EPA report asserted the following.

“It has been clearly established in nearly two dozen reports reviewed by the National
Research Council (1986), the Surgeon General (U.S. DHHS, 1986) and the U.S. EPA
(1992), that ETS exposure increases the risk of acute lower respiratory disease in young
children by 1.5 to 2-fold.”

“The estimates of the magnitude of the effect of household ETS exposure on respiratory
infections are remarkably consistent among the many studies that have examined this
relationship. The effects are most marked in infants and toddlers, and are often not
detectable in school children, who may be less exposed than younger children or who
may have developed immunity against many respiratory pathogens.”

6.2.2.2. New Epidemiological Findings

The more recent studies summarized in Table 6.22 and the paragraphs below continue to support
an elevated risk for lower respiratory infection (LRI) and reconfirm the observations of greater
susceptibility at younger ages. Higher risks are observed for atopic children and children whose
mothers smoked during pregnancy as well as after delivery.
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Table 6.22 Respiratory lliness in Children Exposed to ETS

July, 2005

Reference Study Exposure Outcome and Comments
Country description To smoke RR (95% CI)

Meta-analyses
Li Meta-analysis of 13 studies | Pre/postnatal LRI* Hospitalization for respiratory illness nearly
etal. 1999 of ETS and lower respiratory | Hospitalization 1.93 (1.66-2.25) double by ETS in infancy and early childhood.
Australia tract infections (LRI). LRI 0-2 yrs old 1.71 (1.33-2.20) ETS associated with LRI mainly in younger

From 3 Chinese studies -

LRI 0-6 yrs old
LRI 3-6 yrs old

Postnatal only

1.57 (1.28-1.91)
1.25 (0.88-1.78)

2.13 (1.52-3.00)

kids. Postnatal-only data from Chinese studies
where mothers didn’t smoke.

Strachan and

Meta-analysis of 38 studies

Parental smoking

Pooled ORs

Infection risk highest for maternal smoking.

Cook 1997 of lower respiratory Either 1.57 (1.42-1.74) Risks also elevated if father or other household
US infection in first 3 yrs of life. | Maternal 1.72 (1.55-1.91) members smoked.
Other 1.29 (1.16-1.44)
Original studies
Gilliland Absenteeism among fourth- | Household Respiratory-illness- Children exposed to ETS had more illness-
et al. 2003 graders related to respiratory related absences related and non-illness-related school absences
illness. n=1,932 Any ETS 1.27 (1.04-1.56) than non-exposed children. Dose-dependence
Maternal only 1.44 (1.06-1.94) for both illness-related and respiratory-illness-
Paternal only 0.93 (0.64-1.35) related absences.
Both 1.80 (1.31-2.46)
1 smokers 1.17 (0.92-1.49)
> 2 smokers 1.75 (1.33-2.30)
Lam Health service usage among | Mother Dr consults Mothers exposed to ETS during pregnancy
etal. 2001 population-based cohort In utero 1.26 (1.14-1.39) and/or after. No maternal active smoking.
China during first 18 mo. n = 8327 Hospitalizations
In utero 1.18 (1.05-1.31)
Postnatal 1.26 (1.00-1.25)
Gurkan Association of ETS with Parental smoking Bronchiolitis Infants with bronchiolitis had significantly
et al. 2000 serum cotinine and Cotinine 10.8 vs. 3.8 ng/ml higher serum cotinine (p<0.0001) and greater
Turkey bronchiolitis in infants, in controls odds that one or both parents smoked.
2-18 mo. n=28 Both parents p<0.05
Mother only p<0.05
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Table 6.22 Respiratory lliness in Children Exposed to ETS

July, 2005

Reference Study Exposure Outcome and Comments
Country description To smoke RR (95% CI)
Hajnal Cross-sectional study of Maternal smoking Symptoms in Respiratory symptoms in preceding 12 months
etal. 1999 6-14 yr olds and association | (current) last 12 months related to ETS, especially from maternal
Switzerland | of ETS and respiratory Cough 1.36 (1.14-1.61) smoking. Risks higher if mother smoked in
symptoms. Respiratory infection 1.25 (1.06-1.48) pregnancy.
n =4470 Shortness of breath 1.71 (1.18-2.48)
Any ETS at home
Cough 1.15 (0.99-1.33)
Respiratory infection 1.19 (1.03-1.37)
Shortness of breath 1.50 (1.08-2.07)
Gergen Cross-sectional from 2-24 mo bronchitis Symptoms of respiratory illness (cough or
etal. 1998 NHANES III of 2 mo-5 yr 1-19 cig/day 1.3 (0.8-1.9) wheezing) increased by ETS, especially at
uUsS olds for bronchitis or >20 « 2.5(1.6-4.1) higher doses. Younger infants more susceptible
wheezing during the wheezing than older.
previous 12 months. 1-19 cig/day 1.7 (1.2-2.5)
n=7680 >20 * 2.7(1.7-4.2)
3-Syr bronchitis
1-19 cig/day 1.2 (0.7-2.1)
>20 * 1.3 (0.6-2.9)
wheezing
1-19 cig/day 1.2 (0.8-1.8)
>20 * 1.2 (0.6-2.4)
Peters Healthcare usage by 8 -13 Household Any symptom More frequent doctor consultations if one or
etal. 1998 yr-olds for 3 month period 1 smoker 1.15(1.01-1.31) both parents smoke especially for cough and
Hong Kong | for respiratory symptoms > 2 smokers 1.38 (1.14-1.67) phlegm. P for trend <0.001 for any symptoms
n=10,402 1 smoker 13.1% cost incr. resulting in doctor visits.

> 2 smokers

24.7%
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Table 6.22 Respiratory lliness in Children Exposed to ETS

July, 2005

Reference Study Exposure Outcome and Comments
Country description To smoke RR (95% CI)
Margolis Cohort study of ETS Parent report Acute LRI ETS by parental report increased respiratory
etal. 1997 parental smoking and <10 cig/day 1.5 (1.1-2.0) illness but urinary cotinine only weakly
US urinary cotinine in infants >10 2.2 (1.3-3.8) associated.
<12 months of age. n =325 | urine cotinine
<120 ng/mg 1.3 (0.8-2.1)
>120 1.4 (0.9-2.1)
Jedrychowski | Cross-sectional of 9-yr olds. | Postnatal Diagnosed RI” Doctor-diagnosed respiratory infection (RI;
& Flak 1997 | ETS and respiratory <9 cig/day 1.32 (0.83-2.10) laryngitis, tracheitis, bronchitis) risk significant
Poland infections. n= 1129 >10 “ 1.74 (1.06-2.87) at high ETS, especially if mother smoked in
Pre + postnatal pregnancy or if child has atopy.
Pre- and postnatal. <9 cig/day 2.32 (1.13-4.76)
>10 “ 2.36 (1.32-4.17)
Atopy + postnatal-only Atopy +0 2.86 (1.61-5.10)
Atopy <9 3.39 (1.93-5.93)
Atopy > 10 3.31(1.71-6.42)
Nafstad Prospective study: effects of | Maternal Any LRI" LRI; bronchitis, pneumonia, bronchiolitis risk
etal. 1996 breastfeeding and maternal breastfed 0-6 mo 2.2 (1.6-3.1) increased by ETS but effect ameliorated by
Norway ETS on LRI in 1-yr olds. breastfed >6 mo 1.1 (0.7-1.6) prolonged breastfeeding.
n=3238 Severe infection
breastfed 0-6mo 4.6 (2.5-8.3)
breastfed >6 mo 1.1 (0.5-2.7)
RI respiratory infection; LRI lower respiratory tract infection
*LRI lower respiratory tract infection; RI respiratory infection
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6.2.2.2.1. Meta-analyses

Lietal., 1999. The association between ETS exposure and lower respiratory tract infections
(LRI; pneumonia, bronchitis, bronchiolitis) in childhood was also examined in a meta-analysis of
thirteen studies, comprising 3 cohort, 2 case-control and 8 cross-sectional studies. The authors’
criteria for inclusion in this meta-analysis included primary studies that provided information on
individual level ETS exposure and serious lower respiratory tract infections or hospitalization for
respiratory illness in infancy or early childhood. From seven studies it was possible to calculate
an overall risk of hospitalization for respiratory illness associated with ETS exposure, resulting
in an OR of 1.93 (95% CI 1.66-2.25). When the data were categorized by age, the ORs for LRI
from ETS exposure were 1.71 (95% CI 1.33-2.20) for 0-2 yr olds, 1.57 (95% CI 1.28-1.91) for 0O-
6 yr olds, and 1.25 (95% CI 0.88-1.78) for 3-6 yr olds. While there was evidence of increased
risk at all ages, after tests for heterogeneity of risk association across studies, only the risk for the
0-6 yr old group achieved statistical significance. The decrease in risk in older children is
consistent with other studies. Adjustment for confounding was not uniform across studies.
Sensitivity analysis of those studies adjusting for confounding resulted in a slight increase in the
OR, from 1.93 to 2.05. Only three studies allowed differentiation of the effects of pre- versus
postnatal smoke exposure. From these three studies, an OR of 2.13 (95% CI 1.52-3.00) was
calculated for LRI from postnatal ETS. To address possible publication bias, the authors
searched for unpublished studies. Two studies were found, neither of which had sufficient data
to be included in the meta-analysis but both showed a positive association between ETS and LRI.
This analysis thus provides strong evidence for an association between ETS exposure and early
childhood infections of the lower respiratory tract.

Strachan and Cook (1997) conducted a meta-analysis of 38 studies examining various measures
of lower respiratory illness in children exposed to ETS. Studies that looked at ETS exposure and
acute lower respiratory illness (LRI) in the first three years of life were included in the meta-
analysis. Inclusion required that adequate information be given so that odds ratios could be
determined. The studies included represent community and hospital studies as well as all study
designs (case-control, cross-sectional, and longitudinal). Odds ratios were pooled using a
“random effects” model that made allowances for heterogeneity of effect between studies. Ten
of the studies looked at “wheeze” as the outcome measure. The other studies looked at various
combinations of acute bronchiolitis, acute bronchitis, pneumonia, and upper and lower
respiratory infection.

Pooled odds ratios were 1.57 (95% CI; 1.42-1.74) for LRI with smoking by either parent, 1.72
(95% CI; 1.55-1.91) for maternal smoking, and 1.29 (95% CI; 1.16-1.44) for smoking by other
household members where the mother did not smoke. All but one study that compared either
parent smoking with neither parent smoking showed an increased risk to children of smokers and
the ninety-fifth percentile confidence intervals for the vast majority of outcome measures did not
include one (Fig 6.2). While not directly evaluated in a quantitative fashion, the authors report
that the associations with parental smoking were robust to adjustment for possible confounders
and that most studies showed evidence of an exposure-response relationship where data were
adequate to investigate this. The pooled ORs for smoking by either parent and for smoking by
other household members are statistically significant and support an association of postnatal ETS
with respiratory illness that is independent of maternal prenatal smoking.
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Figure 6.2 Effects of Either vs. Neither Parent Smoking on Respiratory lliness;
Odds Ratios and 95% CI (Data from Strachan and Cook, 1997)
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6.2.2.2.2. New Epidemiological Studies

Gilliland et al., 2003. As described in section 6.1.1.2, this study examined the effects of ETS
exposure on illness-related absenteeism in a cohort of 1,932 fourth-grade children in 12
California communities. Data on sociodemographics, indoor exposures and medical histories
were obtained from parents or guardians via questionnaires at study entry. Attendance data were
collected from the schools, and parents were contacted by telephone to determine the reason for
the absence. Illness-related absences were categorized into respiratory or gastrointestinal. To
estimate the risk of absenteeism associated with ETS exposure, incident absence rates were
stratified and adjusted for sociodemographic variables including community, ethnicity, age,
gender, parental education, health insurance, family income, BMI, and number of hours of
outdoor activity.

Any ETS exposure was found to significantly increase the incidence of missed school days,
including non-illness-related (RR 1.29, 95% CI 1.02-1.63), illness-related (RR 1.33, 95% CI
1.13-1.57), and respiratory-illness-related (RR 1.27, 95% CI 1.04-1.56) absences. Among
illness-related and especially respiratory-illness-related absences, there was evidence of dose-
response relationships associated with increasing numbers of smokers in the household.

Lam et al. (2001) also examined the general effects of ETS on healthcare utilization in a large
prospective, population-based cohort study in China. Some 8,327 parent-infant pairs were
followed for the first 18 months after birth. Health services usage was quantified as a broad
measure of illness. The population was ideal for evaluating the effects of smoking by household
members other than the mother since there was only a 4.6% maternal smoking rate. After
adjusting for maternal education and employment, age, birth order, birth weight, delivery method
and breastfeeding, ETS exposure in utero was associated with more outpatient consultations (OR
1.26; 95% CI 1.14-1.39) and hospitalizations (OR 1.18; 95% CI 1.05-1.31) in infants of
nonsmoking mothers. Postnatal exposure to ETS was associated with increased hospitalization
risk (OR 1.26; 95% CI 1.00-1.25) but not with outpatient consultation usage.

Gurkan et al., 2000. In a Turkish case-control study the association between viral bronchiolitis
and ETS exposure as measured by serum cotinine was examined. The study group comprised 28
infants, 2-18 months old, admitted to an emergency room with acute syncytial viral bronchiolitis,
and 30 age-matched controls admitted with non-respiratory diseases. At admission, cotinine
levels were determined and data collected on health, demographics and family smoking history.
Infants with bronchiolitis had significantly elevated cotinine levels compared to controls (10.8
vs. 3.9 nag/ml; p < 0.0001) both upon admission and during the post-bronchiolitis stage (p <
0.0001). Compared to controls, children with bronchiolitis were significantly more likely to
have one or both parents who smoked (p < 0.05) and, where only one parent smoked, it was
more often the mother (p<0.05). No significant differences were found between the two groups
for the social, educational, and housing measures, nor for breastfeeding; and no multivariate
analysis incorporating these factors was reported. The contribution of prenatal smoking was not
assessed as this study focused on recent nicotine exposure as reflected in serum cotinine, levels
of which correlated well with reported parental smoking. This study found a significant
association between measures of current ETS exposure and increased incidence of syncytial viral
bronchiolitis.
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Hajnal et al., 1999. This investigation was part of a larger cross-sectional Swiss study of the
effects of air pollution on childhood allergies and respiratory infections. Data were collected by
questionnaire from the parents of 4,470 children, ages 6-14 yrs, on demographics, smoking
habits, history of respiratory and allergic diseases, parental education, living situation and family
size. Logistic regression analyses were used to calculate ORs for respiratory symptoms adjusted
for age, sex, parental education, nationality, number of siblings, family history of atopy and
asthma, heating and cooking fuels, pets, farming as the family profession, and study area.
Children exposed to ETS at home had a statistically significantly elevated risk of respiratory
infections (OR 1.19) during the preceding 12 months which increased if the source of ETS was
the mother (OR 1.25), and even more if she smoked prenatally as well (OR 1.42) (Table 6.23).
Similarly, attacks of shortness of breath after exercise, and repeated cough and bronchitis during
the previous 12 months were increased by ETS exposure, especially where the mother smoked
prenatally and continued to smoke currently (p<0.05). A dose response was observed with
increasing numbers of cigarettes smoked per day for respiratory infections, repeated cough, and
wheezing after exercise. Paternal current smoking was less strongly associated with these
symptoms.

Table 6.23 Respiratory Symptoms with ETS Exposure; Odds Ratios (from Hajnal et al., 1999)

Symptoms Any exposure Maternal Maternal Paternal current
at home current current and OR (95% CI)
OR (95% CI) OR (95% CI) prenatal
OR (95% CI)
Repeated cough /12 mo | 1.15(0.99-1.33) 1.36 (1.14-1.61) 1.55(1.24-1.93) | 0.94 (0.78-1.14)

Respiratory infection
/12 mo

1.19 (1.03-1.37)

1.25 (1.06-1.48)

1.42 (1.14-1.76)

1.13 (0.94-1.36)

Bronchitis /12 mo

1.18 (0.97-1.44)

1.25 (0.99-1.56)

1.33 (1.01-1.75)

1.12 (0.86-1.44)

Shortness of breath
/exercise

1.50 (1.08-2.07)

1.71 (1.18-2.48)

1.73 (1.10-2.77)

1.18 (0.77-1.83)

The strengths of this study include extensive control for various risk factors and confounders,
and the apparent ability to discriminate prenatal and postnatal maternal smoking. No airborne
measures of ETS exposure or biomonitoring were included. The data support an association of

ETS exposure with increased respiratory infection and impaired lung function.

Gergen et al., 1998. The Third National Health and Nutrition Examination Survey (NHANES
IIT) was the basis for this cross-sectional analysis of the contribution of ETS exposure to
respiratory illness in 7,680 children, 2 months to 5 years of age. Data on demographics,
education, health history, breastfeeding and smoking habits were derived from home interviews
and physical examinations.

Logistic regression analysis, adjusted for age, sex, race, birth weight, day care, history of allergy,
breastfeeding, education, and household size showed that occurrence of bronchitis or three or
more episodes of wheezing in the previous 12 months was associated with ETS exposure,
especially at higher exposure levels. Stratification by age revealed that the youngest children (2
mo — 2 yrs) were more susceptible than were the 3-5 year olds (Table 6.24). Calculations of
attributable risk from these data indicate that among children exposed to ETS from > 20
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cigarettes per day, 55-60% of the cases of chronic bronchitis and episodes of wheezing (3 or
more per year) were attributable to ETS exposure.

Maternal smoking during pregnancy was seen to increase chronic bronchitis and episodes of
wheezing, again especially in the younger children. While this study did not allow separation of
pre- from postnatal exposures, the ORs for bronchitis and wheezing associated with ETS from

> 20 cigarettes per day were generally higher than those associated with in utero exposure. This
suggests that, at the very least, postnatal ETS exacerbates deteriorations in respiratory health
resulting from exposure in utero.

Table 6.24 Age-Dependent Respiratory Symptoms with ETS; Odds Ratios

Condition Total 2 mo-2 yrs 3-5yrs
# cigarettes/day | OR (95% CI) | OR (95% CI) | OR (95% CI)
Bronchitis 0 1 1 1
1-19 | 1.2 (0.8-1.7) 1.3 (0.8-1.9) 1.2 (0.7-2.1)
>20 | 1.8 (1.1-3.0) |2.5(1.6-4.1) 1.3 (0.6-2.9)
Wheezing 0 1 1 1
1-19 | 1.4 (1.1-1.9) 1.7 (1.2-2.5) 1.2 (0.8-1.8)
>201190.2-3.1) [2.7(1.7-4.2) 1.2 (0.6-2.4)
In utero exposure
Bronchitis 1.5(1.1-2.0) |2.2(1.6-3.0) 1.0 (0.6-1.8)
Wheezing 1.8(14-24) |2.1(1.5-2.9) 1.3 (0.8-2.0)

(Data from Gergen et al., 1998)

Peters et al., 1998. One way of quantifying the health and societal impacts of ETS exposure is
to compare the utilization of healthcare services and the attendant costs for children from
smoking versus nonsmoking households. The frequency of doctor consultations in Hong Kong
for cough, phlegm, or wheeze over a three-month period among 10,402 children ages 8-13 years
was assessed by questionnaires completed by both the children and their parents. Data were
collected on respiratory symptoms, doctor visits, family smoking habits, socioeconomic status,
age, area of residence and educational level. In the analyses, adjustment was made for potential
confounding by age, sex, district of residence, father’s education, and type of housing.

Physician consultations for all symptoms were significantly more frequent among children from
households with one or more smokers (Table 6.25). There was also a significant dose response
trend for the cough, phlegm, and any-symptom categories related to the number of household
smokers. This trend was also reflected in the estimated costs associated with the provision of
healthcare. The expected healthcare costs for children from households where only one person
smoked were 13.1% higher, while if two or more people smoked the costs were 24.7% higher
than in nonsmoking households.
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Table 6.25 Doctor Consultations for Respiratory Symptoms by Number of Smokers

Household smokers | Cough Phlegm Wheeze Any symptom
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

None 1 1 1 1

One 1.15(1.01-1.32) 1.26 (1.02-1.54) 1.04 (0.76-1.41) | 1.15(1.01-1.31)

Two or more 1.33 (1.08-1.64) 1.33 (0.97-1.83) 1.57 (1.02-2.43) | 1.38 (1.14-1.67)

Trend by # smokers | p <0.01 p <0.05 NS p <0.001

(Data from Peters et al., 1998)

Margolis et al. (1997) examined the association between the incidence of acute lower respiratory
illness (LRI) and two measures of passive smoke exposure in a community-based cohort study
comprising 325 infants. Data on smoking habits, demographics, environment, health history and
LRI symptoms were collected during home visits at 3 weeks, and 1, 6, and 12 months of age and
by telephone. Urine was collected from the infants for cotinine analysis. The relationship
between ETS and LRI was examined with Poisson regression models adjusted for such factors as
education, birth weight, breastfeeding, gender, history of allergy or respiratory disease, maternal
age, and daycare attendance.

By both measures of ETS, increased risk of LRI was associated with increasing exposure.
Although the trend was similar, a statistically significant association with LRI was observed with
parents’ reported smoking but not with urinary cotinine. This is similar to Rylander et al.

(1995). The strong association between reported ETS and LRI versus the weak association with
urinary cotinine is likely related to individual differences in nicotine metabolism, and suggests
that other smoke components in addition to nicotine or its metabolites are responsible for the
effects of ETS on respiratory disease. This is consistent with a direct versus systemic action of
smoke components on the lungs.

Table 6.26 Incidence and Risk of Lower Respiratory Tract Infection with ETS

Exposure Incidence (95% CI) | RR (95% CI)
(episodes/child-yr)

None 0.6 (0.30-1.2) ---
< 10 cigarettes/day | 0.89 (0.42-1.9) 1.5 (1.1-2.0)
> 10 “ 1.3 (0.54-3.2) 2.2 (1.3-3.8)
Cotinine (ng/mg)

0 0.64 (0.37-1.1) ---
<120 0.82 (0.41-1.6) 1.3 (0.8-2.1)
> 120 0.88 (1.46-1.7) 1.4 (0.9-2.1)

(Data from Margolis et al., 1997)

Prenatal exposure data were not available for all cases but where available, the correlation
between prenatal smoking with measures of ETS exposure and urinary cotinine reportedly was
weak. This information was thus excluded from the analysis precluding determination of the
contribution of prenatal exposure. Nevertheless, the data suggest that postnatal exposure to ETS
from more than 10 cigarettes per day doubles the risk and incidence of LRI.

Jedrychowski and Flak, 1997. The effects of pre- and postnatal smoke exposure on respiratory
infection were assessed in a cross-sectional study of 1,129 9-year old school children in Poland.
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The occurrence of doctor-diagnosed upper (tonsillitis) and lower (laryngitis, tracheolitis,
bronchitis) respiratory infections (RI) during the previous 12 months was the subject of this
analysis. Data regarding the mothers’ smoking habits both during and after pregnancy,
educational level and child’s history of diagnosed allergy were collected by interview and the
latter were adjusted for in the multivariate analyses.

Postnatal-only exposure to ETS was associated with increased risk of RI (OR 1.32) that was
statistically significant at higher exposure levels (OR 1.74) (Table 6.27). Combined pre- and
postnatal smoking more than doubled the risk of RI relative to no exposure. In the absence of
prenatal exposure, there was a significant risk of RI associated with atopy (reported doctor
diagnosis of allergy; OR 2.86) that was exacerbated by postnatal exposure to ETS (OR 3.39).

Table 6.27 Respiratory Infections with Atopy, Pre- and Postnatal ETS; Odds Ratios

Smoke exposure OR (95% CI)
Postnatal only <9 cigarettes/day 1.32 (0.83-2.10)
Postnatal only > 10 « 1.74 (1.06-2.87)
Pre- & Postnatal <9  “ 2.32 (1.13-4.76)
Pre- & Postnatal > 10  “ 2.36 (1.32-4.17)
Atopy + none 2.86 (1.61-5.10)
Atopy + postnatal only <9 cig/day 3.39 (1.93-5.93)
Atopy + postnatal only > 10 “ 3.31 (1.71-6.42)

(Data from Jedrychowski and Flak, 1997)

This study found a strong association between postnatal ETS exposure and RI, especially at
higher smoke levels, in combination with prenatal smoking and in the presence of underlying
atopy. The estimation of exposure was, however, retrospective over a ten-year period and so
may be subject to some recall bias. An evaluation of this smoking habit status questionnaire by
the authors (utilizing plasma cotinine at delivery) suggests that the observed risk is
underestimated by the exposure misclassification error.

Nafstad et al., 1996. Based on a birth cohort in Norway, this prospective study examined the
effects of breastfeeding and maternal smoking on the incidence of reported doctor-diagnosed
lower respiratory tract infections (LRI; i.e. bronchitis, pneumonia, bronchiolitis) during the first
year of life in 3,238 children. Data collected at birth, and at 6 and 12 months of age included
parental smoking habits, duration of breastfeeding, gender, birth weight, maternal age and
education, family income, family structure and health history. Logistic regression analysis
adjusted for these factors showed that in children breastfed for 0-6 months, ETS exposure from
the mother carried a risk for all LRI of 2.2 (95% CI 1.6-3.1), and for infection requiring
hospitalization, an OR of 4.6 (95% CI 2.5-8.3) compared to no smoking with breastfeeding for
>6 months. The effect of ETS was ameliorated by prolonged breastfeeding, dropping the OR for
all infections to 1.1 (95% CI 0.7-1.6), and for severe infections also to 1.1 (95% CI 0.5-2.7). Itis
not clear if and what other factors may have distinguished the long-term breastfeeding mother-
infant pairs from those breastfeeding for less time. However it is evident that in the latter group,
ETS exposure was associated with a doubling of the risk of any LRI, and a more than 4-fold
increase in severe LRI requiring hospitalization.
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6.2.2.3. Summary — Lower Respiratory Illness in Children

The studies reviewed provide additional strong evidence supporting the 1997 conclusion that
ETS exposure is causally related to lower respiratory tract infections in children. All eleven of
the studies reviewed above found increased risk of respiratory illness in children associated with
smoke exposure as measured by incidence of symptoms, diagnosed disease or health services
utilization. While the risk of illness was highest for children of mothers who smoked during
pregnancy, from five studies in which it was possible to distinguish the effects of postnatal ETS
exposure from maternal prenatal smoking, the OR for symptoms of respiratory disease ranged
from 1.26 to 2.13 for postnatal ETS exposure. The effects of ETS were exacerbated if the child
was atopic (OR 3.31 vs. 1.74; Jedrychowski and Flak, 1997) but ameliorated somewhat in one
study by breastfeeding (OR 1.1 vs. 4.6; Nafstad et al., 1996). As seen previously, younger
children were more at risk than older children. This is thought to reflect not only maturation of
the pulmonary and immune systems, but also less time spent in the presence of a household
smoker as the child matures. Maternal smoking was generally the most important source of ETS
and the risk of illness increased with more intense smoking and/or additional household smokers.

6.2.3. Otitis Media in Children)
6.2.3.1. Background/Definitions

The following pathophysiological background information is reiterated from the earlier Cal/EPA
report:

"Otitis media is the most commonly diagnosed problem in outpatient pediatrics in the
United States today (Greer et al., 1993). In the context of this discussion, it is useful to
consider the anatomy and physiology of middle ear disease before reviewing the data
concerning ETS as a risk factor for otitis media. The middle ear communicates with the
nasopharynx via the Eustachian tube. The Eustachian tube acts as a barrier to
microorganisms originating in the pharynx, as a pressure equalization channel, and as
conduit of drainage for secretions originating in the middle ear. Eustachian tube
dysfunction of whatever etiology results in a sustained pressure differential between the
middle ear and the surrounding atmosphere, with subsequent effusion of serous fluid into
the middle ear. Alone, this condition is called "serous otitis media," and produces a
sensation of fullness and temporarily decreased hearing. Should the serous fluid become
infected (usually with bacteria), "acute otitis media" results, with pain, fever, and the
potential for tympanic membrane (TM) perforation. Serious secondary complications
(meningitis, mastoiditis) can also occur, as can a self-perpetuating cycle of acute and
serous otitis media (Hackshaw et al., 1997). Chronic serous effusions, with or without
intervening infections, may lead to a variety of complications, including mucoid effusion
(so-called "glue ear") and stretching of the tympanic membrane ("incompetent TM" or
"atelectatic TM"), each resulting in more sustained hearing loss than does simple serous
otitis. Tympanic membrane perforation can result, not only in hearing loss, but also in
the formation of a "cholesteatoma" -- an ingrowth of squamous cells from the exterior of
the TM -- which, in turn, can expand and destroy the ossicles of the middle ear. Hearing
loss, whether from sustained serous otitis media, mucoid effusion, atelectatic TM, TM
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perforation, or ossicle destruction due to cholesteatoma, can result in communication
difficulties and educational impairment in children.

6.2.3.2. Summary of Previous Findings

In its 1997 report, Cal/EPA reviewed a total of 22 reports examining a possible link between
ETS exposure and otitis media (OM). Twelve of these studies had previously been reviewed by
the Surgeon General's Office, and an additional 10 were added as part of Cal/EPA's review
process. Ten of the 12 original studies showed significant positive associations between ETS
exposure and OM, and 5 of 10 studies reviewed for the first time by Cal/EPA showed significant
positive associations. Of this total of 25 studies, few were without potential methodological
shortcomings. The three most convincing studies were summarized as follows:

"The reports of both the Surgeon General and the U.S. EPA expressed concern regarding
potential misclassification of exposures based solely upon historical measures. Two
studies (Strachan et al., 1989; Etzel et al., 1992) used objective measures of ETS
exposure (salivary and serum cotinines, respectively), and both found a statistically
significant relationship between ETS exposure and outcome. Likewise, two studies
(Iversen., 1985; Etzel et al., 1992) employed periodic prospective screening for middle
ear disease, thus eliminating differential utilization of medical services by parents as a
possible confounder. Again, both of these studies found statistically significant
associations between ETS exposure and middle ear disease." (Cal/EPA, 1997)

6.2.3.3. New Epidemiological Findings
Seven studies not previously reviewed by the Surgeon General's Office (U.S. DHHS, 1986b),

NRC (1986b), US EPA (1992f) or Cal/EPA (1997) are summarized in Table 6.28 and in the
following paragraphs.
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Table 6.28 Studies of Middle Ear Effusion (MEE) or Otitis Media (OM) vs. ETS
Reference | Study Exposure | Findings and Comments
Country Description to smoke OR (95% CI)
Micali Case-control: OM in | Parental Cotinine elevated in 74% | Cotinine elevated in
etal 2001 3-8 yr olds vs. cases, 55% controls. more cases than ctrls.
Turkey urinary cotinine OM OR 2.29 (1.08-4.85) | Age and sex but no
n= 114, Ctrl =40 (p<0.05) other covariates used.
Rylander & | Cross-sectional ETS at 1-19 cig, OR 1.04 Control for allergies
Megevand 4-5 yrn =304 OM, home > 20 cig, OR 1.18. may have decreased
2000 allergy, resp illness ClIs for both include 1.00 | OR for OM w/ETS
Sweden
Gryczynska | Unclear — purports to | Parental Results uninterpretable Limited due to scant
etal 1999 test ETS and OM methodology and
Poland among preschoolers questionable analysis
Lister & Cross-sectional of Parental No significant association | Limited due to no
Jorm 1998 kids 0-4 yr n =4281 of smoking with OM specific interview
Australia Respiratory illness question on OM
Paradise Prospective cohort ETS (home) # household smokers Middle ear effusion
etal 1997 2mo to 2 yr. ETS Days MEE 0 1 2 >3 | | (MEE). Controlled for
UsS and MEE n=2253 1% yr. 184 228 25 24.8 || SES, breastfeeding
Linear trend p=<0.001
Stenstrom Case-control of ETS inand | ETS at home vs. RAOM Recurrent acute otitis
et al 1993 RAOM in kids < 5 outside the OR 2.68 (1.27-5.65) media (RAOM)
Canada yrold. n= 85 home. increased with total
adult smoking.
Owen Prospective cohort, ETS from Significantly greater Otitis media with
et al 1993 birth to 1 or 2 yrs. parents number of days of OME effusion (OME). ETS
UsS Effects of ETS on during 2™ year with measured as packs/day

OME. n =534

increasing number of
cigarettes smoked

from interview.

“MEE middle ear infusion; OM otitis media; OME otitis media with effusion; RAOM recurrent acute otitis media

llicali et al., 2001. In the only study employing biomarkers of ETS exposure, Ilicali et al.
recruited 114 children (aged 3-8 yrs.) who had been referred to an otolaryngology clinic for
tympanostomy for chronic OM. Forty controls with a similar age- and sex-distribution were
recruited from among children referred to orthopedic clinic. ETS exposure was ascertained from
children's urinary cotinine levels, with a pre-determined cutoff for "exposed" individuals. Aside
from matching criteria, no other covariates were considered. As judged by biomarkers, ETS
exposure was highly prevalent in both groups (74% in the case group and 55% in the control
group). Nevertheless, the odds ratio for ETS exposure and OM was elevated at 2.29 (95% CI
1.08-4.85). A potential weakness of this study is its limited attention to covariates.

Rylander and Megevand, 2000. In another cross-sectional study, 304 preschool children (aged 4-
5 yrs) were randomly recruited as they were enrolled in mandatory health screening. Sixty-five
percent of parents contacted (204 of 340 initial sample) agreed to be interviewed. Primary
variables included smoking habits at home of parents and other family members, parental report
of frequency of ear infections, and frequency of colds and bronchitis during the previous year.
Covariates included physician-diagnosed allergy, and maternal age. Day care attendance, molds
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in home, and pets in home were also examined as risk factors for respiratory disease. Odds
ratios for ETS exposure (smoking in home) and OM were 1.04 for 1-19 cigarettes, and 1.18 for >
20 cigarettes per day, but both confidence intervals included 1.00. A potential weakness of this
study is possible "over-control." Specifically, if ETS exposure is causally associated with atopy,
and if atopy is associated with OM (p<0.01 in this study), then controlling for children's allergies
would artificially deflate the odds ratios for ETS and OM.

Gryczynska et al., 1999. In an apparent cross-sectional study, Gryczynska and colleagues
examined "interview questionnaires" [presumably of the parents] of 440 preschool (age >3 yrs.,
but upper limit not defined in paper) and 560 school-aged children (up to age 13). The study
purports to show a relationship between ETS exposure and recurrent upper respiratory tract
infection, including OM, among preschool children. However, as the study methodology was
presented in only two sentences and the categorical analysis of data questionable, the study is
essentially uninterpretable.

Lister and Jorm (1998) in a cross-sectional study, analyzed data obtained as part of Australian
Bureau of Statistics National Health Survey during the period 1989-1990. 4,281 children aged 0-
4 years were included. Paternal and maternal smoking, as well as total cigarettes smoked per
day, were ascertained by interview. No specific questions were asked about OM; parents needed
to volunteer the diagnosis as a "long-term condition." Covariates included gender,
socioeconomic status, family size, and home language. No significant relationship between ETS
exposure (i.e. parental smoking) and OM was found. Major limitations of the study included the
lack of specific questions regarding OM, lack of specific questions regarding smoking in the
home environment, the relatively limited treatment of potential confounders, and lack of
biomarkers of ETS exposure.

Paradise et al., 1997. In a cohort study, Paradise et al. prospectively followed children less than
or equal to 2 months of age who presented to participating hospital-based clinics or private
pediatric practices. Of 3,663 children enrolled, 2,253 were successfully followed up until 2 yrs.
of age with monthly screening for middle ear effusion (MEE), with or without acute otitis media,
using pneumatic otoscopy. ETS exposure was ascertained by parental interview, and was
indexed to the number of smokers in the household. Covariates included gender, race, birth
weight, maternal age, maternal education, socioeconomic status, breast- vs. bottle-feeding,
number of other children in household, and day care in the first year of life. The authors noted a
significant trend toward more days with MEE during the first year of life as a function of
reported number of smokers in the household (p value linear trend test = < .001; Table 6.28).
There was no significant association noted during the second year of life. Strengths of this study
included cohort size and prospective screening for MEE. Weaknesses included use of a
historical index of ETS exposure (reported number of smokers in a household) without
biomarkers, lack of specific questions about smoking in the home environment and lack of
identification of family history of allergy or otitis media.

Stenstrom et al. (1993) recruited 85 children under age five years who were referred to a
pediatric otorhinolaryngology clinic for recurrent acute otitis media (RAOM; defined as >4
episodes in 12-months) for this case-control study. An equal number of age- and gender-
matched controls (free of OM for the previous 12 months) were recruited from a pediatric
ophthalmology clinic. Exposure status was ascertained by parental questionnaire, and included

Respiratory Health Effects 6-34



Health Effects Assessment for ETS July, 2005

both the total number of cigarettes-per-day smoked by all caregivers/family members, as well as
a specific history of smoking by any adult in the home. Potential confounders included family
history of OM, documented atopy, prematurity, breast- vs. bottle-feeding, daycare attendance,
and socioeconomic status. The authors observed a significantly elevated odds ratio for RAOM
and ETS exposure (home exposure; OR 2.68; 95% CI 1.27-5.65), with a positive exposure-
response gradient (total adult smoking). The strength of this study was its rigorous definition of
RAOM and inclusion of potential exposures outside the home; its weakness was the use of an
historical exposure index, without biomarkers.

Owen et al., 1993. For this cohort study, 698 healthy term infants were recruited from English-
speaking homes at three hospital nurseries in Galveston, TX between 1984 and 1989. The
children were followed prospectively from birth to 1 yr. of age (n = 534) and birth to 2 yrs. of
age (n =435). Children were screened prospectively at 2-4 week intervals for otitis media with
effusion (OME) using tympanometry, supplemented with acoustic reflectometry in a subset of
visits. ETS exposure was ascertained by parental interview, and was taken as a continuous
variable proportional to the total number of packs smoked per day by all adults in the household.
Potential confounders controlled in the study included sex, ethnicity, breast vs. bottle feeding,
hours-per-week in group child care, and presence or absence of tympanostomy tubes. Family
history of allergy and otitis media were not addressed. During the second year of life (and
particularly between the ages of 12 and 18 months), there was a significantly greater number of
days with OME as a function of reported total number of packs-per-day smoked by household
members. A strength of this study was the prospective nature of otitis media screening. A
weakness was the use of total packs-per-day of adult smoking rather than either a more specific
history of in-home smoking, or use of a smoke exposure biomarker. Potential ETS exposure
outside of the home was also not documented.

6.2.3.4. Biological Plausibility

In its 1997 report, Cal/EPA highlighted at least four potential mechanisms whereby ETS
exposure might predispose children to the development of middle ear disease. Eustachian tube
dysfunction (ETD) plays a central role in each of these mechanisms. Newer pathophysiological
data pertaining to these mechanisms are reviewed here. In addition, two new studies, one
involving an animal model of secretory OM and the other an in vitro study of mucus
hypersecretion, are included in separate categories:

1) Decreased mucociliary clearance: No new data encountered

2) Decreased Eustachian tube patency due to adenoidal hyperplasia: No new data
encountered

3) Decreased patency due to ETS-induced mucosal swelling

Vinke et al. (1999) examined nasal biopsy material obtained from the inferior turbinates
of children referred for tonsillectomy-adenoidectomy. In general, children underwent
surgery because of recurrent upper respiratory tract infections, sleep apnea, or recurrent
otitis media. From an initial group of 54 children screened for allergies using an in vitro
test (radioimmunoassay), 10 non-atopic ETS-exposed children aged 1.4-10 years were
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4)

5)

6)

identified, along with a like number of gender- and age-matched controls. Using
immunohistochemical staining techniques, the authors found a significantly greater
density of IgE-positive eosinophils (consistent with allergic inflammation) but not mast
cells (indicative of allergic sensitization) in the mucosae of ETS-exposed children. They
interpreted this to show a link between parentally reported ETS exposure and allergic-like
inflammation in the nasal mucosa, in the absence of true allergic sensitization.

Zavras et al. (1997) conducted a cross-sectional study of 54 children age 7-12 years
recruited from a pediatric dentistry clinic at a major university. Parents completed a
questionnaire (including information on children's allergies and/or asthma and ETS
exposure at home) and children underwent acoustic rhinometry (to determine nasal
volume and minimum nasal cross-sectional area). Roughly half of the children were
ETS-exposed at home per parental report, and this subgroup had significantly lower nasal
volumes, correcting for age, gender, race, obesity, and allergies. Although minimum
cross-sectional area was lower among ETS-exposed children, it was not significantly so.
The authors interpreted their findings to indicate that ETS exposure is associated with
nasal mucosal swelling, along with possible inflammation, although the latter endpoint
was not directly assessed.

Decreased patency and impaired mucociliary clearance secondary to increased frequency
of viral upper respiratory tract infections (URI's): No new data encountered

Animal model of secretory OM

Coggins et al. (1997) exposed male Sprague-Dawley rats to aged and diluted sidestream
tobacco smoke (STS), 6 hrs/day for 5 days. Three groups of 20 animals each were
exposed to: 1) high-level STS; 2) low-level STS; and 3) control conditions. Ten of 20
rats in each group were pre-treated with cold air per external auditory canal to induce
middle ear effusions, and rates of clearance, rather than induction of ear pathology, were
observed in these groups. Animals were examined daily for secretory otitis media
(SOM), and at the conclusion of the experiment the animals were sacrificed and their
middle ears and Eustachian tubes examined histologically. Other than on the first day of
exposure (when there were more incident cases of SOM in the low-exposure group than
either control or high-exposure group), the rates of new-onset SOM (and rates of
clearance of cold-air induced SOM) were not significantly different among the three
treatment groups. Histological staining revealed no difference in the relative number of
goblet cells between the three groups, nor were inflammatory cells observed. A potential
limitation in interpreting this study is the fact that the rat nasal cavity much more
efficiently clears water-soluble air pollutants before they can reach the pharynx (and
Eustachian tube opening) than does the human nasal cavity.

Cell culture model of mucus hypersecretion

Borchers et al. (1999) exposed human lung carcinoma cells in vitro to acrolein, an irritant
found in ETS. The cells produced significantly elevated levels of messenger RNA
coding for two different mucins, MUC5AC and MUCS5B. Mucins are an essential
component of airway mucus, and the authors make the point that increased mucin
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production by airway epithelial cells translates clinically into mucus hypersecretion, as
seen in various pathological respiratory tract conditions including asthma.

6.2.3.5. Summary and Conclusions — Otitis Media.

Of the additional seven studies reviewed here, four (all cohort or case-control studies) found a
significant positive association between ETS exposure and OM. The two cohort studies (Owen
et al., 1993; Paradise et al., 1997) both employed regular prospective screening for otitis media,
using pneumatic otoscopy and/or tympanometry. (This design feature is important in eliminating
the factor of "diagnostic bias" as a potential study limitation.) One of the two case-control
studies utilized urinary cotinine as a marker of exposure (Ilicali, 2001). (Use of biomarkers is
important in addressing the issue of potential exposure misclassification.) None of the newly
reviewed studies used both prospective screening for OM and biomarkers, as was the case in the
study by Etzel et al. (1992) which was reviewed in our 1997 document. Of the three remaining
studies, one (Gryczynska et al., 1999) was of unknown study design, and was generally
uninterpretable. The remaining two "negative" studies were both cross-sectional. A major
limitation of one of these studies is that it required that parents volunteer a diagnosis otitis media
under the general rubric of "recent or chronic respiratory illnesses" (Lister and Jorm, 1998); the
other was marred by possible overcontrol (for allergy status) (Rylander and Megevand, 2000).
There is, in the literature reviewed, inadequate information to draw any conclusion regarding
potentially susceptible subpopulations such as children with atopy or allergy.

In 1997, Cal/EPA concluded:

"Overall, the epidemiological data strongly support a relationship between ETS exposure
in the home and either acute otitis media with effusion or serous otitis media (middle ear
effusion without acute infection), particularly among children under two years of age.
Limitations of available data on the chronicity of physical findings, as well as the
differing patterns of recruitment in the various studies, make it impossible to distinguish
separate relationships between ETS exposure and acute serous otitis media, chronic
serous otitis media, and acute infectious otitis media."

The current literature review provides no compelling evidence for modifying the above
conclusions regarding the association of otitis media with effusion with ETS exposure in young
children. Thus, the 1997 conclusion is still appropriate and consistent with the additional newer
data.

6.2.3.6. Attributable Risk Considerations

In its 1997 report, Cal/EPA estimated that some 134,251 pediatric outpatient visits for middle ear
disease (95% CI: 78,615-188,676) could be attributed to ETS exposure in the home. Given the
interval decrease in estimated adult smoking rates in California, as well as the intervening
change in population, the following re-calculation is offered:

1) According to the California Department of Health Services Tobacco Control Section an
estimated 11.4% of California children under the age of 18 years were exposed to ETS in
the home in 1999 (Gilpin et al., 2001). This compares with an earlier estimate of 33% of
children under 3 years (Tariq et al., 2000), used in Cal/EPA's 1997 calculations.
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2)

3)

4)

5)

Using data from Etzel et al. (1992) indicating that ETS-exposed children under age 3
years experience an average of 38% (95% confidence interval, 21-56%) excess incidence
of OM (Relative risk — 1; R-1), we applied California's estimated ETS exposure
prevalence (p) of 11.4 % to obtain an ETS-attributable otitis media fraction (a) of 4.1%
(95% confidence interval, 2.5-6.4%).

a=p(R-1)/(p(R-1) +1) (Lilienfeld and Lilienfeld, 1980b)

Data from the National Ambulatory Medical Care Survey (NAMCS) indicates that otitis
media is the most common outpatient pediatric diagnosis nationwide (accounting for
approximately 18% of all office visits for children under age 5 years). OM was cited as
the principal diagnosis for 102 office visits per 100 children (under two years of age) per
year in 1990; and for 48 office visits per 100 children aged 2-5 years (Schappert, 1992).

In 2000, California had a population of 1,459,066 children under age three years. Of
these children, 483,143 were under age one year, 486,587 were 1-2 years, and 489,336
were in their third year of life (U.S. Census Bureau).

Assuming that ETS-related otitis media with effusion episodes generate the same number
of total (initial + follow-up) visits as do non-ETS related episodes, one can combine
Etzel’s data (pertaining to incident cases of otitis media with effusion) and the NAMCS
data (pertaining to all OM-related office visits-- both initial, follow-up, acute and
chronic). This calculation of attributable risk may represent an underestimate, since ETS
usually constitutes an ongoing insult to normal Eustachian tube function, in contrast to
such events as viral upper respiratory tract infections. It may represent an over-
estimation if a higher percentage of non-ETS related episodes result in acute otitis media
which may be more likely to result in physician visits.

Combining the above data, one obtains an estimate of 50,184 office visits per year among
California children under age three years for ETS-attributable otitis media episodes:

Table 6.29 ETS-attributable Office Visits for Otitis Media

Age-specific ETS-
Population | Otitis Media | OM-Related attributable ETS-attributable
atrisk x | visitrate = | Office visits x | fraction = visits/year
Age<2yr 969,730 x | 102/100 = 989,125
Age2-3 yr 489,336 x | 48/100 = 234,881
Total 1,224,006 x| 0.041 = 50,184

According to this and earlier estimates, some 84,000 pediatric physician office visits per year for
otitis media may have been avoided by virtue of changes in smoking behavior on the part of
California adults since the calculation in the 1997 document (based on smoking data from Wiley,

1991).
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6.3. Chronic Health Effects (Children)
6.3.1. Chronic Respiratory Symptoms (children)

The previous review (Cal EPA, 1997) identified several studies addressing the occurrence of
chronic respiratory symptoms in children, and concluded that these:

“... support the conclusion, also stated in the reports by the NRC, the Surgeon General, and
the U.S. EPA, that there is sufficient evidence that ETS exposure at home is causally
associated with chronic respiratory symptoms (cough, phlegm, or wheezing) in children,
particularly infants and young children.

Although several new studies of acute effects were discussed earlier (Section 6.1.2), no new
studies addressing the chronic endpoints discussed in this section of the previous review were
identified, so this conclusion is unmodified.

6.3.2. Asthma Induction in Children

Numerous studies have evaluated the impact of ETS exposure on childhood asthma induction
(Chilmonczyk et al., 1993). The 1997 Cal/EPA report included a meta-analysis of 37 studies
conducted between 1975 and 1995 that evaluated ETS exposure as a risk factor for induction of
childhood asthma. The pooled RR for asthma was 1.44 (95% CI 1.27-1.64). These data
supported a causal association between ETS and new onset of childhood asthma cases (Cal EPA,
1997). Recent studies, including an updated meta-analysis by OEHHA (submitted for
publication and abstract included below), continue to support a causal role of ETS in childhood
asthma induction. The studies are presented below and in Tables 6.30 — 6.32. They are
separated by study type: cross-sectional, case-control, and prospective cohort.
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Table 6.30 ETS and New-onset Childhood Asthma — Cross-sectional Studies

July, 2005

Reference Study Exposure Findings and Comments
Country description to smoke OR (95% CI)
Gilliland Cross-sectional study Parental smoking Diagnosed asthma Asthma increased by in utero exposure and
et al 2001 4-12™ graders Postnatal only 1.1 (0.9-1.4